INTRODUCTION {#sec1-1}
============

Ziziphi Spinosae Semen (ZSS), a traditional Chinese herb or nutraceutical, is the dried ripe seed of *Ziziphus jujuba* var. *spinosa* (Bunge) Hu ex H. F. Chow. It has been used to treat insomnia and anxiety for over two thousand years in China.\[[@ref1][@ref2]\] Due to its definite clinical activities, masses of pharmacological researches have been performed on ZSS, which demonstrate it with various bioactive effects, such as hypnotic effect,\[[@ref3]\] sedative effect,\[[@ref4]\] antidepressant-like effect,\[[@ref5]\] and so on.\[[@ref6][@ref7][@ref8]\]

Commonly, mild cognitive disorder is always featured with the dysfunction of memory, which is also the essential incipient symptom of senile dementia. It has been demonstrated that mild cognitive disorder exhibits close relevance with Alzheimer disease.\[[@ref9][@ref10]\] In order to treat these disorders (including dementia, amnesia and Alzheimer\'s disease), it is meaningful to exploit natural nutraceutical with the effect of ameliorating learning and memory. Recently, it is found that ZSS oil exhibits certain improving effects of learning and memory in mice,\[[@ref11]\] which manifested the great potential of ZSS as a dietary supplement for treatment of these disorders.

In the previous reports, it has been showed that the various bioactivities of ZSS are mainly attributed to its polar components, i.e. flavonoids, saponins and polysaccharides.\[[@ref12]\] Among them, spinosin,\[[@ref13]\] jujuboside A (JuA)\[[@ref14][@ref15][@ref16][@ref17][@ref18]\] and jujuboside B (JuB)\[[@ref19]\] are the most representative ingredients, that exert significant activity in sedation and hypnosis through a variety of mechanisms and targets, especially 5-HT metabolism, GABAergic receptors and hippocampal neurons. It is well known that these mechanisms and targets are also involved in the processes of learning and memory.\[[@ref20][@ref21][@ref22]\] As a result, these polar components in ZSS might also have a predictable benefit for learning and memory. However, to the best of our knowledge, there have been no reports on the relevant research.

In this study, the effects of ZSS water-soluble extract on the learning and memory in dysmnesia mice induced by alcohol were investigated with Y maze and passive avoidance tests. In addition, the main individual ingredients of spinosin, JuA and JuB in the extract were identified and quantified with a new rapid and sensitive HPLC-ESI-MS/MS method. Collectively, the aim of the present research was to make a good recognition of ZSS water-soluble compounds effect on learning and memory, so as to elucidate its bioactivity mechanism and exploit a variety of products.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant materials and chemicals {#sec2-1}
-----------------------------

ZSS was gathered from Jixian County (Tianjin, China), and authorized to be ripe seeds of *Ziziphus jujuba* var. *spinosa* (Bunge) Hu ex H. F. Chow by Dr. Junbo Xie. Spinosin (Batch No. 120519, 99.2%), JuA (Batch No. 110312, 99.0%) and JuB (Batch No. 110927, 99.1%) were purchased from Chengdu Scholar Bio-tech CO., Ltd. (Chengdu, China). Piacetam (Batch No. 10071027) was from Jinshi Pharmaceutical CO., Ltd. (Tianjin, China). HPLC grade acetonitrile and deionized water were all purchased from J.T.Baker (USA). 96% formic acid was from Tedia CO., Ltd. (USA). All other chemicals were of analytical grade.

Preparation of water-soluble extract from ZSS {#sec2-2}
---------------------------------------------

Water-soluble extract from ZSS (WSE) was prepared according to the modified process of the reported method.\[[@ref23]\] 3.0kg of ZSS were dried and ground into powder (40 mesh particle size). After being degreased with petroleum ether (60-90°C), the residue was refluxed with 70% ethanol (1:10 m/v) for 6h (three times). The extract was collected and evaporated with a PE-5205 rotary evaporator (Shanghai China). The residue obtained was dissolved in water and then purified with AB-8 macroporous adsorption resin column chromatography (Tianjin, China). The elution was performed with water, 20 ethanol, 50 ethanol and 70% ethanol successively (5 times of column volume). The selected eluent (50% ethanol) was concentrated under reduced pressure and then freeze-dried. The ultimate yield was 16.10g.

Preparation of standard and sample solutions for HPLC-ESI-MS/MS analysis {#sec2-3}
------------------------------------------------------------------------

The standard stock solutions were prepared with accurately weighed spinosin, JuA and JuB (10mg each) separately into three 10 ml volumetric flasks. Acetonitrile of 35% was used to dissolve them and made up to the volume. Then, precise amount (1.0 ml) of the each stock solution was put into the same volumetric flask (10 ml). After dilution with 35% acetonitrile to the volume, the compound standard stock solution with nominal concentrations of 0.1 mg/ml for the three components (spinosin, JuA and JuB) was obtained.

The extract sample (WSE) solution was prepared by dissolving 25mg of WSE in a 100ml volumetric flask with 35% acetonitrile, and then diluted to obtain 0.25 mg/ml of sample solution. The solution was diluted further to obtain the concentration of 10 μg/ml. Before being injected into the HPLC system, all solutions were filtered through 0.45μm membrane filters. Before analysis, all the solutions were diluted into the proper concentration.

The conditions of HPLC-ESI-MS/MS analysis {#sec2-4}
-----------------------------------------

The HPLC analysis were performed on Agilent 1200 Series HPLC system (Agilent, USA) which consisted of a binary pump (G1312B), a column heater (G1316B) and an autosampler SL Plus (G1367D). The chromatographic separation was performed on an Agilent Poroshell 120 EC C18 column (50 mm × 2.1 mm, 2.7μm) at 30°C. HPLC analysis was carried out by gradient elution with a mobile phase of acetonitrile--aqueous phase (0.1% formic acid) at a flow rate of 0.3ml/min. The percentage of acetonitrile in the mobile phase was programmed as follows: 30% (0 min) - 30% (6 min) - 80% (11 min). Then, the column was re-equilibrated for 3 min before the next analysis. The injection volume was 40 μl.

Agilent Technologies 6410 Triple Quad LC-MS/MS system equipped with electrospray ionization (ESI) was performed for the MS/MS detection. Ionization was achieved by using electrospray in the negative-ion mode with the spray voltage of 4000V. High purity N~2~ was used as nebulizer gas at the pressure of 35p.s.i with source temperature of 100°C. Desolvation gas (N~2~) was heated to 350°C and delivered at a flow rate of 10 L/min. For collision-induced dissociation (CID), high purity N~2~ was used at the pressure of 0.15MPa. Quantification was performed by multiple reactions monitoring (MRM). The peak widths of precursor and product ions were maintained at 0.7amu at half-height in the MRM mode. All the MS/MS fragmentation and collision energy conditions have been studied. Under the optimized HPLC-ESI-MS/MS conditions, the three biomarkers were separated and detected efficiently in only 7 min \[[Figure 1](#F1){ref-type="fig"}\].

![The typical chromatograms and chemical structures of the three components. A: the mixed standards; B: Spinosin; C: JuA; D: JuB](PM-10-509-g001){#F1}

Validation of the assay method {#sec2-5}
------------------------------

Sensitivity and Linearity: The stock solution containing three reference compounds was diluted to a serial of appropriate concentrations with 35% acetonitrile. The calibration curve was constructed by plotting the peak areas versus the concentration for each analyte (six various concentrations). The limits of detection (LOD) and limits of quantification (LOQ) for each analyte were determined under the present chromatographic conditions at a signal-to-noise ratio (S/N) of about 3 and 10, respectively.

Precision, Reproducibility and Recovery: The intra- and inter-day variations were determined to investigate the precision of the developed method. Certain concentration (250 ng/ml) of standard solution was tested with three times on the same day and on three consecutive days, respectively. Variations were expressed by the relative standard deviation (R.S.D.). Five different WSE sample solutions (the same batch) were analyzed to investigate the reproducibility, which was also expressed by R.S.D. Recoveries were examined by spiking accurate amounts of reference compounds (low, middle and high level; *n* = 3 each) with sample and then analyzed as previously described. The recovery was determined by calculating the ratio of measured increment of bioactive markers and the actual added amount into the sample.

Animals and treatments {#sec2-6}
----------------------

The animals used in the research were all 6 to 8 weeks old Chinese Kunming mice (20-25g) from Tianjin Experimental Animal Center. All the experimental procedures were performed under the National Guidelines on the proper care and use of animals in laboratory research, and approved by the local ethical committee of Tianjin University of Commerce.

In the present investigation, the mice were divided randomly divided into 12 groups (12 mice each) for employing Y-maze test (6 groups) and passive avoidance test (6 groups) separately. WSE (100, 200 and 400 mg/kg) was administered intragastrically for 12 successive days for learning and memory studies. Physiologic saline (N.S., 20 ml/kg) was administered in the same way for the blank control and model group. As an established nootropic agent, piacetam (1520 mg/kg) was administered to positive control group. On the 12^th^ day, 30% alcohol (10 ml/kg) was used in mice (except blank control) to induce the memory retrieval disorders after continuous administration of N.S., WSE or piacetam. All the dosages were selected on the basis of human doses and the results of the probe trials.

Y-maze test {#sec2-7}
-----------

In this research, a modified Y-maze test\[[@ref24]\] was performed to evaluate learning and memory in mice by a MG-2C/3C maze stimulator (Zhangjiagang, China). During the testing course, the entry of mice into darken arm (with electricity) was recorded as a "discrimination error" and the decrease of number of errors (NOE) indicated enhanced performance of mice. On the 11^th^ day, the trained animals were tested with 15 trials after 60 min of the previously described treatment, and the number of errors was recorded as learning results. On the 12^th^ day (the same period), the animals (except blank control) were treated with alcohol (50 min after administration of of different drugs), and were tested again with 15 trials 10 min later. The records were referred to as memory results.

Passive avoidance test (PAT) {#sec2-8}
----------------------------

According to the previous reports,\[[@ref25][@ref26]\] the mice were subjected to the passive avoidance test (PAT) with a BA-200 automatic mouse passive avoidance test apparatus (Chengdu, China). In this research, transfer latency time (TLT), electrical stimuli time (EST) and number of errors (NOE) were measured for evaluation of learning and memory in mice. TLT was the time taken by the animal to step from the bright room into dark room (with 0.3mA electricity) in the testing trial period (5 min). EST was total time of the experimental mouse suffering the electric shock and NOE was defined as the number of entry into the dark room in the period. Just as the treatment described in the Y-maze test, the mice were tested with PAT. The determined data of 11^th^ day and 12^th^ day were recorded as the learning and memory results respectively.

Statistical analysis {#sec2-9}
--------------------

Statistical analyses were performed using GraphPad Prism 4™ and comprehensive statistical software SPSS (version 11.0, SPSS Corporation, USA). One-way analysis of variance (ANOVA) was used for statistical evaluation of comparing the bioactivity values. Differences between the values were considered to be statistically significant with *P* \< 0.05. Extreme values were excluded by means of Dixon\'s principles of exclusion of extreme values. All determinations in chemical analysis were performed at least triplicate and represented as mean ± SD.

RESULTS {#sec1-3}
=======

Optimization of MS/MS conditions {#sec2-10}
--------------------------------

In this study, the mass spectral conditions were investigated in both positive and negative ion modes, and the negative ion mode was found to be more sensitive. So, the components were identified and quantified by MS on negative ion mode with a time-segment program. Different fragmentors from 200 to 360V and collision energies from 30 to 70V were investigated with standard solutions. As the fragmentor and collision energy increased, the peak areas varied obviously. When the fragmentor and collision energy were higher than the optimum value, the intensity of pseudo molecule ions decreased because of producing more fragments. The optimized MS conditions of each component are shown in [Table 1](#T1){ref-type="table"}.

###### 

Optimized MS/MS parameters and time-segment program of the three components

![](PM-10-509-g002)

Validation of the assay {#sec2-11}
-----------------------

For determination, a calibration curve for each marker was constructed and tested for linearity. The linearity was determined by triplicate analyses of standard solutions. The peak area (y) was plotted against concentration (x, ng/ml) for calibration and all calibration curves showed good linear correlation (Spinosin: y = 196.97x + 2175.2; JuA: y = 56.622x + 87.802; JuB: y = 95.19x + 264.71) with the linear range of 25-500ng/ml, and all the correlation coefficients (*r*) ranged from 0.9996 to 0.9999. The values of LOD (1.2-4.1 ng/ml) and LOQ (4.7-14.2 ng/ml) indicated that developed method was very sensitive for assaying the three compounds. The assayed intra and inter-day (*n* = 3) variations (R.S.D.) of the standard solution were all less than 2.1% and R.S.D. values of reproducibility were all lower than 2.3% \[[Table 2](#T2){ref-type="table"}\], which demonstrated good precision and reproducibility of the proposed method. The recoveries ranged from 96.20 to 102.01% with appropriate R.S.D. values (1.84% - 2.83%), indicating perfect accuracy and little matrix effect in the method \[[Table 3](#T3){ref-type="table"}\].

###### 

Precision, reproducibility and assayed contents of the three components in WSE
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###### 

Recoveries of the three major components in WSE (*n*=3)

![](PM-10-509-g004)

Analysis of the components by HPLC-ESI-MS/MS {#sec2-12}
--------------------------------------------

The three biomarkers were identified by comparing the retention time and MS spectrum of the reference standards. Just as shown in [Figure 1](#F1){ref-type="fig"}, the three biomarkers were simultaneously found in WSE. Under the optimum HPLC-ESI-MS/MS conditions described previously, spinosin, JuA and JuB were separated very well. Their characters in MS/MS were consistent with the previous reports.\[[@ref27][@ref28][@ref29]\]

With the aid of MRM, the three components were assayed successfully. As shown in [Table 2](#T2){ref-type="table"}, spinosin was the predominant flavonoid component in WSE, and accounted for over 22% of the extract weight, which was congruent with the result of previous report.\[[@ref23]\] By contrast, the total content of JuA and JuB was up to over 9% in WSE, and were the main representative saponins in ZSS.\[[@ref3]\]

Effect of WSE on learning and memory in Y-maze test {#sec2-13}
---------------------------------------------------

In order to examine the effects of WSE on learning and memory related behavior, the experimental mice were subjected to the Y-maze test and passive avoidance test (PCT).

The Y-maze test is a common method to investigate how the rodents function with memory and spatial learning through applying various stimuli. In this experiment, the NOE was measured to evaluate the learning and memory in mice, and the significant decrease of NOE values denoted improving effect on learning and memory. On the 11^th^ day, compared with N.S group, three dosages of WSE (100, 200 and 400 mg/kg, i.g.) decreased NOE significantly in the normal mice (*P* \< 0.05), and this effect showed perfect dose-dependent correlation. Among them, the effect of high dosage WSE (400 mg/kg) was even better than piracetam (*P* \< 0.01). These results demonstrated that WSE could play a promising role in improving the learning performance of the normal mice \[[Figure 2A](#F2){ref-type="fig"}\].
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Memory retrieval is an essential process of memory, and controlling accessible memory through modulation of retrieval could help humans to adapt to their environment better.\[[@ref30][@ref31]\] In this research, the memory retrieval disorders mouse model induced by alcohol was used to investigate the effect of WSE on memory. As shown in [Figure 2](#F2){ref-type="fig"} B, on the 12^th^ day, 30% alcohol (10 ml/kg, i.g.) significantly increased (*P* \< 0.01, compared to N.S. group) NOE indicating successful inducement of memory retrieval disorders in mice. Piracetam (positive control) reversed this alcohol induced effect in mice as expected (*P* \< 0.01, compared to model group). WSE (100, 200 and 400 mg/kg, i.g.) showed significant dose-dependent reduction (*P* \< 0.01 compared to model group) of NOE in mice, which indicated that WSE exerted high activities in ameliorating the memory. Moreover, the moderate dosage (200 mg/kg) and high dosage of ZF (400 mg/kg) exhibited stronger effect than the piracetam at the dose of 1520 mg/kg (*P* \< 0.01). In conclusion, WSE could ameliorate the memory in mice with alcohol induced memory retrieval disorders.

Effect of WSE on learning and memory in PCT {#sec2-14}
-------------------------------------------

The passive avoidance test (PCT) was commonly conducted to investigate the long-term memory of mice.\[[@ref32]\] To evaluate the effect of WSE, the values of TLT, NOE and EST were assayed in this research. The significant increase of TLT meant the ameliorating effect on the behavior in mice, and so did the significant decrease of NOE and EST.

As shown in [Figure 3A](#F3){ref-type="fig"} (1-3), three dosages of WSE as well as piracetam increased the TLT significantly (*P* \< 0.05), indicating some improving effect of WSE on learning capacity in normal mice. However, this effect was not verified by the assayed data of NOE and EST. As a result, it was yet not able to draw the conclusion that WSE could really exert specific effect on learning of normal mice in PCT.
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[Figure 3B](#F3){ref-type="fig"} (1-3) showed the effect of WSE on the memory of mice with alcohol induced memory retrieval disorders. On the 12^th^ day, 30% alcohol significantly shortened the TLT and increased of NOE and EST in model group (*P* \< 0.01, compared to N.S. group) and piracetam could resist this impairment on memory of mice (*P* \< 0.05, compared to model group). The low and high dosages of WSE (100 and 400 mg/kg) exerted remarkable improving effect on memory as indicated by the significant increase in the TLT (*P* \< 0.01, compared to model group) and the effect was stronger than piracetam (*P* \< 0.01). In addition, moderate dosage (200 mg/kg) could also increase the TLT (*P* \< 0.05), which is equal to piracetam.

As to NOE and EST, WSE exhibited the same remarkable reduction effect on them (*P* \< 0.05, compared to the model group). Moreover, there was no significant difference between WSE groups and piracetam group (*P* \> 0.05), which illustrated three dosages of WSE exerted attenuating effect on learning capacity equal to piracetam.

DISCUSSION {#sec1-4}
==========

From the present results, it was seen that WSE exerted specific ameliorating effect on the mice memory behavior both in Y-maze test and PCT. WSE showed a great potential as a new botanical dietary supplement for some memory disorders. Spinosin, JuA and JuB are demonstrated as the main constituents in the extract. It has been reported that they are the main bioactive components in ZSS, however, there has been no reports on their effect on ameliorating learning and memory. Therefore, the bioactivity mechanism of this extract requires further investigation to be elucidated. In addition, cyclopetide alkaloids (such as Sanjoine K and ZiZyphusine) and other saponin compounds (including Jujuboside A1 and Jujuboside B1) were the minor constituents responsible for the sedative bioactivity in ZSS.\[[@ref3][@ref27][@ref33]\] These constituents might also contribute to the effect of ameliorating learning and memory.

In the study, the effect of ZSS water soluble extract on learning and memory in mice was investigated by Y-maze and passive avoidance test for the first time. The results indicated that water soluble extract had a promising benefit for ameliorating memory function in mice with alcohol induced memory retrieval disorders. In addition, with a new efficient HPLC-ESI-MS/MS method, three predominant components (spinosin, JuA and JuB) were assayed in the extract. Their total contents accounted for over 30% of the extract weight and they might be mainly responsible for this bioactivity. Collectively, the ZSS water soluble extract has a great prospect as a new botanical dietary supplement for certain memory disorders.
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